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I. INTRODUCTION
The first Yb 3+ -based solid-state lasers were demonstrated a long time ago. 1 In Yb 3+ there are only two manifolds, the ground 2 F 7/2 state and an excited 2 F 5/2 state, which are separated by approximately 10,000 cm −1 (1 m), which is also the typical laser wavelength of Yb 3+ lasers. A narrow absorption band has made it inefficient to pump Yb 3+ -doped crystals with broad band flashlamps, which were the only pump sources available in the 1960s and 1970s. The recent development of InGaAs laser diodes, showing narrow emission bands that almost match the absorption band of Yb 3+ , led to an accessible pump source. The simple electronic structure of Yb 3+ may therefore provide an advantage over other widely used activator ions such as Nd 3+ , because two accessible electronic states preclude both upconversion and excited state absorption. Additionally, a small quantum defect can lead to high slope efficiencies 2 and low heat generation. 3 The emission lifetime of Yb 3+ is larger than for Nd 3+ by a factor of 3-4, if comparison is made for the same host. 4, 5 Yb 3+ lasers are expected to be quasi-four-level systems (300 K). The energy difference ⌬E (around 200-600 cm −1 ) is given by the terminal laser level above the ground state. Such an energy difference is comparable to the thermal energy present at room temperature (kT ∼200 cm −1 ): hence, the smaller the crystal field splitting, the more the terminal laser level is populated and therefore inversion population is more difficult to obtain. SO 4 forms four crystalline modifications between room temperature and its melting point of 883°C. [13] [14] [15] The hexagonal high temperature phase I 16 often occurs in A 2 (XO 4 ) compounds and changes into phase II spontaneously upon cooling; it is therefore not possible to obtain large single crystals of phase I at room temperature. However, Na 2 SO 4 is known to allow for a wide range of solid solutions with different anions such as CO 3 2− and various cations. 17 The Powder mixtures were prepared by grinding Na 2 SO 4 together with the metal sulfates in a mortar. The following compositions have been investigated: Y and Yb (2 and 1 mol%), Nd (3 mol%), Yb (5 mol%), Gd (3 mol%), Gd and Yb (5 and 1 mol%), and La and Yb (4 and 0.5 mol% or 3 and 1 mol%). Single crystals were obtained by using a resistively heated furnace. Growth was performed in porcelain (staatlich Berlin) or platinum crucibles. The melt was superheated for 5 h to achieve homogeneity. The crystals were grown on a Pt-Rh wire with a rotation speed of 30 rpm and at a pulling rate of 2.5 mm/h. For reasons of annealing, boules were kept another 24 h at 800°C and then cooled down to room temperature at a rate of 35°C/h. Typical crystals were about 20 mm long and 8 mm in diameter. The angle between the growth direction and the c axis of the hexagonal lattice turned differed from run to run. Because Na 2 SO 4 is a hydrate-forming compound, crystals became coated with a white crust of a hydrous phase when stored in air for more than a few days. However, this should not give rise to serious handling problems, because the hydration reaction is slow. In this respect Na 2 SO 4 (I) shows a lower chemical stability than other materials mentioned above. [6] [7] [8] [9] [10] [11] [12] 
III. RESULTS AND DISCUSSION

A. Melt stability and effects of dopants
According to the literature, 23 pure liquid Na 2 SO 4 is reported to be stable up to temperatures of 1350°C, but it shows a loss by evaporation of SO 3 . Indeed, the analysis of the residue during our experiments showed a leak of sulfur, but the loss of material over 24 h at melting temperature was only about 2% of the total charge. Hence, thermally induced decomposition was not significant during the growth process.
For Na 2 SO 4 stabilized by Nd 3+ we could obtain transparent pinkish boules of optical quality as reported earlier. 21 However, all our efforts to stabilize the hightemperature phase of Na 2 , where a mixture of 0.4 M HNO 3 and 0.1 M HCl in a 1:1 ratio was used for both samples and standards. For comparison, x-ray fluorescence analyses were carried out. Samples were prepared by grinding 200 mg of the crystals and pressing the powder into a pellet. For excitation an Am-241 ring source was used and detection was done with a Si detector. ) showed no indication of a phase transition between room temperature and melting (endothermic signal at ∼900°C). The occurrence of the hexagonal phase (I) was confirmed by single crystal or powder x-ray analysis at room temperature. This may be a clue that such samples are truly stabilized phases, which can be stored at room temperature and do not undergo a segregation in a dry atmosphere. The observed thermal stability is in good agreement with the full transparency of these samples. However, Na 2 SO 4 showed an endothermic peak in the range 270°C to 360°C. These signals monitor a phase transition from the hexagonal phase I to a monoclinic phase described by Eysel et al. 19 These observations are confirmed by our single crystal and powder x-ray analyses. 24 In contrast, there was no evidence for a monoclinic phase in undoped Na 2 SO 4 . On the basis of published phase relationships, 14 the signal at ∼280°C for undoped Na 2 SO 4 belongs to the III II and II I phase transitions, because on cooling phase I changes into orthorhombic Na 2 SO 4 (II), followed by a change into the metastable orthorhombic Na 2 SO 4 (III) phase, separated by a ⌬T of about 7°C. 
